Vancomycin has been the primary agent used to treat serious methicillin-resistant Staphylococcus aureus (MRSA) infections for many years, but the emergence of strains with reduced susceptibility to vancomycin has led to questions regarding its efficacy (12, 16) . The first strain of S. aureus with heterogeneous intermediate resistance to vancomycin (hVISA) was reported in 1997 in a Japanese patient with MRSA pneumonia who did not respond to vancomycin therapy (7) . Because of the difficulty in detection, the prevalence and clinical impact of hVISA have not been adequately studied (9) . Retrospective reports have associated hVISA with treatment failure (2, 19) , but a prospective study found no significant difference in cure rates for patients infected with hVISA compared to MRSA fully susceptible to vancomycin (8) .
Strains defined as hVISA harbor a subpopulation of cells that are vancomycin intermediate yet appear susceptible by the routine Clinical and Laboratory Standards Institute (CLSI) broth microdilution method (6) . The gold standard for detection of hVISA, population analysis profiling with area under the curve analysis (PAP-AUC), is too labor-intensive for routine use by clinical laboratories (27) . The Etest GRD (glycopeptide resistance detection, for research use only) is a screening method for hVISA with reported sensitivity of 93 to 94% and specificity of 82 to 95% (13, 28) . The objective of the present study was to assess the prevalence of hVISA in the United States by screening a large collection of recent clinical isolates with the Etest GRD. The positive predictive value (PPV) of the Etest GRD for hVISA was determined by testing GRD-positive isolates with the PAP-AUC method.
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MATERIALS AND METHODS

Bacterial isolates.
A collection of 4,210 clinically significant S. aureus isolates obtained from 43 U.S. medical centers from June to December 2009 were screened for hVISA. Each center was asked to provide 100 consecutive S. aureus isolates (minimum of 25% from blood cultures) that did not represent colonization. Susceptibility by the CLSI broth microdilution method (3, 4) and genotyping by pulsed-field gel electrophoresis (PFGE) with comparison to U.S. type strains (17, 21) had been previously performed on all isolates. The mecA PCRpositive isolates (53.4% of collection) had been analyzed by SCCmec typing and Panton-Valentine leukocidin (PVL) gene analysis using modifications of previously published methods (14, 18, 20) . Details of the epidemiologic trends for the entire collection were recently published (23) .
Screen for hVISA. Screening of all isolates for hVISA was performed by the GRD Etest method (bioMérieux, Marcy l'Étoile, France) according to the manufacturer's instructions. The Etest GRD strip is double sided with 0.5-to 32-g/ml gradients of vancomycin and teicoplanin on opposite ends. A standard 0.5 McFarland suspension was prepared from overnight growth on a blood agar plate and used to inoculate Mueller-Hinton with 5% blood agar prior to GRD strip placement. The standard vancomycin Etest was also set up on MuellerHinton agar. Plates were incubated in ambient air at 35°C. GRD tests were read after 24 and 48 h of incubation. The standard vancomycin Etest was read after 24 h of incubation. A positive GRD result for hVISA was defined as vancomycin or teicoplanin MIC of Ն8 g/ml (GRD strip on Mueller-Hinton with 5% blood agar at 24 or 48 h) and a standard vancomycin Etest MIC of Ͻ4 g/ml. Isolates with positive GRD results were confirmed with repeat GRD testing (as needed to generate a majority result) and evaluated by the PAP-AUC method. The source of organisms for repeat testing was stock cultures (stored at Ϫ70°C on beads) prepared when isolates were received from participating centers.
Confirmation of hVISA by PAP-AUC method. PAP-AUC testing was performed with modifications (26) of a microdilution technique previously described (22, 25) . Briefly, serial dilutions (10 Ϫ1 to 10
Ϫ7
) of a 0.5 McFarland suspension were prepared in sterile saline. Spiral plating of 100 l of 10 Ϫ6 and 10 Ϫ7 dilutions onto Difco brain heart infusion (BHI) agar (BD Diagnostics) was performed to determine viable counts. For each of the five dilutions (10 Ϫ1 to 10
Ϫ5
) one aliquot (100 l) was spiral plated, and four 10-l droplets were dropped onto 11 different BHI agar plates with different concentrations of vancomycin (0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, and 8.0 g/ml). After air drying, the plates were incubated at 35°C. After 24 and 48 h of incubation, colony counts (log 10 CFU/ml) were determined and plotted against the vancomycin concentration. The AUC was calculated using GraphPad Prism 5 (San Diego, CA). Isolates with an AUC ratio of Ն0.90 (AUC of test isolate divided by AUC of hVISA control strain Mu3) were defined as hVISA (27) .
RESULTS
No VISA (vancomycin MIC ϭ 4 to 8 g/ml) or vancomycinresistant (MIC Ն 16 g/ml) S. aureus strains were detected by broth microdilution MIC or Etest. The Etest GRD screen for hVISA was initially positive for 68 isolates (1.6%; all by teicoplanin MIC Ն 8 g/ml at 24 or 48 h). Among those 68 isolates, 45 (66.2%) were GRD positive with repeat testing. PAP-AUC testing confirmed only 11 isolates as hVISA, representing 16.2% of the 68 initial screen-positive and 24.4% of the 45 reproducible GRD-positive results (Table 1 and Fig. 1 ). Eight isolates were "near hVISA," with PAP-AUC ratios of 0.85-0.89.
The vancomycin MIC distribution of hVISA strains by identification method with a comparison to the GRD screen-negative S. aureus population is shown in Table 2 . Nine of the eleven hVISA strains were MRSA. The vancomycin MICs of the two methicillin-susceptible hVISA isolates were 1 and 2 g/ml. Six of the eleven hVISA isolates (55%) were from blood cultures compared to only 26% of the GRD screen-negative isolates. Two hVISA isolates were from a wound or abscess. The three other hVISA isolates were from tissue, lower respiratory tract, and normally sterile body fluid (not cerebrospinal fluid) sources, respectively. Eight of the eleven hVISA isolates (73%) were from inpatients compared to 54% of GRD screen negative isolates. A higher portion of GRD screen negative isolates were nosocomial (recovered Ͼ48 h after admission; 14% versus 9% of the 11 hVISA).
The 11 hVISA isolates were received from nine medical centers and PFGE analysis revealed 10 different PFGE types. Only three isolates had PFGE patterns representative of a major U.S. type strain: USA300 (SCCmec type IV, PVL positive), USA100 (SCCmec type II, PVL negative), and USA200 (SCCmec type II, PVL negative). The other eight hVISA isolates were not closely related to common PFGE types.
DISCUSSION
A unique aspect of our study is the large population of recent isolates (n ϭ 4,210) screened for hVISA without preselection criteria based on vancomycin MIC or presence of mecA. Most (82%) of the eleven hVISA detected were MRSA, representing 0.4% of the MRSA population in the present study. The vancomycin MIC was also predictive of hVISA. The prevalence of hVISA isolates among isolates with broth microdilution vancomycin MICs of 2 g/ml was 10.5% (6 of 57 isolates) compared to only 0.1% (5 of 3,931) of isolates with vancomycin MICs of 1 g/ml.
Global variation in hVISA prevalence is likely, but interpretation of published data is difficult due to variation in study design (i.e., selection of isolates tested and lab methodologies) (9) . The higher prevalence of hVISA that has been reported by investigators looking at only one institution may reflect clonal spread within the facility rather than true prevalence for the larger region (5, 24) . The prevalence of hVISA among MRSA tested at one Turkish hospital over a 4-year period increased from 1.6% (in 1998) to 36% (in 2001) in a pattern suggestive of clonal spread, but strain typing was not performed (24) . A French study demonstrated 11% of 2,300 S. aureus isolates from one hospital were hVISA and PFGE analysis revealed 93% of the 255 hVISA isolates belonged to a single clone (5). Hiramatsu reported hVISA among 20% of MRSA in one Japanese hospital (7), but a subsequent nationwide study screening 6,625 MRSA isolates from 278 hospitals found no hVISA (10) .
A Canadian surveillance program screened 475 MRSA isolates from hospitalized patients in 1995 to 2006 (all isolates with a vancomycin MIC of 2 g/ml and ϳ5% of isolates with MICs of 1 g/ml) using GRD Etest and Etest macromethod and found only 25 Etest screen-positive isolates confirmed as hVISA by PAP-AUC (1). On the basis of those rates, the authors estimated the prevalence of hVISA among this MRSA population in Canada to be 1.3% (1) . Besides geographical differences, our lower rate of hVISA among MRSA in the present study (0.4%) may be attributed to the inclusion of outpatient isolates (44% of the entire population) since 73% of our hVISA were from inpatients. Compared to the present study results for MRSA by vancomycin MIC, the Canadian study (1) reported a lower prevalence of hVISA among MRSA isolates with vancomycin MICs of 2 g/ml (8.1% versus 14.3%) and a higher prevalence among MICs of 1 g/ml (1.5% versus 0.2%).
Testing of all MRSA isolates from patients with persistent or recurrent bacteremia (n ϭ 22) during a 1-year period in a Detroit hospital (4-g/ml vancomycin screen, followed by PAP-AUC confirmation) yielded only three isolates of hVISA (13.6%) (11) . The authors of that study concluded that hVISA was not a common reason for poor therapeutic response (11). Our results suggest that the Etest GRD is a useful tool for rapid screening of hVISA, but that it tends to overestimate the hVISA rates compared to PAP-AUC confirmation (1.6% initial and 1.1% reproducibly GRD positive versus 0.3% PAP-AUC positive). The PPV of GRD Etest results for hVISA were 16 .2% for initial screen positive and 24.4% for reproducibly positive results. Focusing only on the population of S. aureus isolates with vancomycin MICs of 2 g/ml (n ϭ 57), the PPV was 60% for initial screen positive results and 66.7% for reproducibly positive results. A weakness of our study was the use of PAP-AUC to test GRD positive isolates only. Our approach to hVISA screening is supported by the Canadian study that used both Etest GRD and Etest macromethod with reported sensitivities of 100 and 44%, respectively, with lower specificity of the Etest GRD (36% versus 98%) in comparison to PAP-AUC as the gold standard (1). However, this study was also limited by the performance of PAP-AUC on only 18 randomly selected isolates not screen positive by Etest GRD or Etest macromethod (1) .
A separate study that tested 100 hVISA and 50 vancomycin susceptible strains by Etest GRD and Etest macromethod in comparison to PAP-AUC showed Etest GRD to be more sensitive than Etest macromethod at 48 h (93% versus 83%), but less specific (82% versus 94%) (13) . Positive and negative predictive values were not calculated due to the large number of hVISA not being reflective of a normal population of isolates (13) . In an earlier evaluation the prototype Etest GRD detected 98% of 60 hVISA strains, and the reported specificity for hVISA/VISA was 95% (collection included 15 VISA and 75 vancomycin-susceptible isolates) (28) . In contrast to these previous studies (1, 13, 28) , a recent evaluation of 140 MRSA blood isolates reported lower sensitivities for Etest GRD and Etest macromethod with both detecting only 57% of 21 hVISA (26) .
Our data suggest the overall prevalence of hVISA in the United States is low (0.3% of all S. aureus; 0.4% of MRSA). The prevalence of hVISA among S. aureus isolates with a vancomycin MIC of 2 g/ml was 10.5% (14.3% of MRSA, 4.5% of MSSA). Recently, published Infectious Diseases Society of America practice guidelines for treatment of MRSA infections suggest that for vancomycin susceptible MRSA (MIC Յ 2 g/ml), clinical response, independent of MIC, should determine whether vancomycin therapy is continued (15) . When S. aureus isolates are screened for hVISA using the Etest GRD system, the low PPV demonstrated by the present study (16% overall, 60% for a vancomycin MIC of 2 g/ml, and 9% for a vancomycin MIC of 1 g/ml) suggests confirmatory testing with PAP-AUC is necessary.
